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The mechanism of electrocardiographic ST segment 
changes during acute coronary occlusion was evaluated 
in 28 consecutive patients with single vessel coronary 
artery disease undergoing coronary angioplasty. Pa-
tients were continuously monitored with a six lead elec-
trocardiogram. Twenty-three patients showed ST changes 
in the primary zone of occlusion, and 13 of these had 
additional ST changes in a remote zone. Ten of these 13 
had unusually extensive arteries supplying the remote 
zone. The balloon occluded two adjacent normal arteries 
in two patients, and no coronary anatomic explanation 
was evident in one patient. 
Controversy has arisen regarding the mechanism of electro-
cardiographic ST segment changes that appear in leads re-
mote from those showing a current of injury pattern in 
patients with acute myocardial infarction. These "recipro-
cal" changes have been termed "ischemia at a distance" 
by some investigators (1-3) who found necropsy (1,2) or 
angiographic (3) evidence of multivessel coronary artery 
disease. They concluded that a narrowed vessel other than 
the freshly occluded infarct vessel might be responsible for 
producing the remote ST segment abnormalities that often 
revert to normal before the primary infarct zone changes 
resolve completely. 
Others (4-10), utilizing coronary angiography, thallium 
perfusion scintigraphy, radionuclide ventriculography or a 
combination of these procedures, concluded that multivessel 
disease, perfusion defects or wall motion abnormalities do 
not always accompany remote zone electrocardiographic 
changes. Thus, they suggested that remote ischemic changes 
are either the result of an unusually large infarction or are 
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Ten patients with striking primary zone ST changes 
showed no remote change. Seven had nonextensive pri-
mary zone arteries, and three others had abundant col-
lateral vessels. Five patients showed no electrocardio-
graphic changes in primary or remote zones. Four had 
collateral vessels, and one had left ventricular hyper-
trophy on the baseline electrocardiogram. 
It was concluded that remote electrocardiographic 
changes are probably due to occlusion of unusually ex-
tensive coronary arteries and are not simply reciprocal. 
(J Am Coil CardioI198S;6:41-S) 
not "ischemic" at all, but simply reflect electrical 
"reciprocity. " 
Percutaneous coronary angioplasty in patients with iso-
lated single vessel coronary artery disease provided a unique 
clinical setting in which to study the effects of acute transient 
coronary artery occlusion on the electrocardiogram. The 
possibility of multivessel disease was eliminated by defi-
nition. ST segment changes, when they occurred, were as-
sessed as to reproducibility on successive balloon inflations. 
The pattern of change was observed by an array of electro-
cardiographic leads that reflected all aspects of the left ven-
tricular myocardium. 
Methods 
Patient selection. Twenty-eight consecutive patients with 
isolated single vessel coronary artery disease who underwent 
percutaneous transluminal coronary angioplasty were stud-
ied. Seventeen had left anterior descending coronary artery 
stenosis, 10 had right coronary artery stenosis and 1 had 
circumflex artery stenosis. All angioplasty procedures were 
performed by the Seldinger technique utilizing a femoral 
artery approach with Griintzig-type dilating catheters (USCI). 
Cineangiograms performed in multiple views of both right 
and left coronary arteries were available for review in all 
cases. 
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Electrocardiographic monitoring. During the angio-
plasty procedure, all patients were continuously monitored 
using a six lead electrocardiograph (Mingograf-Siemens 
Corporation), recording at a rate of 25 mm/s. The timing 
of balloon inflation, the production of arterial occlusion and 
balloon deflation were marked directly on the recordings. 
Leads I, II, a VF, V I, V 3 and V 5 were recorded in all patients. 
The recordings were analyzed for current of injury pattern, 
ST segment elevation or depression of 1 mm or greater (0.1 
m V) and ischemic T wave inversion or reversal from base-
line (11). Care was taken to exclude alterations of the elec-
trocardiogram produced by injection of contrast material. 
Before successive balloon inflations, sufficient time was 
allowed for the electrocardiogram to return to baseline. 
Definition of electrocardiographic zones. The primary 
zone of anticipated ischemic ST segment and T wave changes 
was defined as those electrocardiographic leads that reflected 
the region of left ventricular myocardium supplied by the 
dilated vessel. Thus, for left anterior descending coronary 
artery occlusion, the primary zone included leads I, V I, V 3 
and V5 . For right coronary artery occlusion, changes in the 
primary zone were expected in leads II, a VF and possibly 
V5 . For left circumflex artery lesions, primary zone changes 
were expected in leads I and V 5. A remote zone not expected 
to show changes with occlusion was defined by leads II or 
a VF for anterior descending coronary artery occlusion, leads 
V I, V 3 or I for right coronary artery occlusion and leads 
Vlo V3 or II and aVF for left circumflex artery occlusion. 
Balloon occlusions ranged in duration from 15 to 60 
seconds. The first dilation in each patient always had the 
shortest duration and later dilations usually had the longest. 
ST segment and T wave changes usually began after 10 to 
15 seconds of occlusion and reverted to baseline within 30 
seconds of balloon deflation. 
Definition of coronary artery anatomy. Coronary ar-
tery anatomic distribution was characterized on the basis of 
a traditional "preponderance" of the right coronary or left 
circumflex artery as described by James (12), depending on 
which vessel contributed to the posterior descending artery, 
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and also by unusual extent or number of coronary branches. 
In the latter characterization, particular note was made of 
left anterior descending or posterior descending branches 
that wrapped well around the cardiac apex to supply one-
quarter to one-third of the opposite surface of the left ven-
tricle (Fig. 1). Similarly, note was made of those "prepon-
derant" right coronary arteries that were unusually extensive 
and supplied large branches to the obtuse margin of the left 
ventricle, well beyond their usual distribution (Fig. I). These 
extensive coronary distributions were compared with more 
usual situations wherein left anterior descending, right coro-
nary and left circumflex vessels were limited to anterior, 
inferior or lateral left ventricular walls, respectively. 
Intercoronary collateral channels sufficient to ade-
quately visualize the distal portion of the diseased artery 
were noted on preangioplasty arteriograms of seven patients. 
All patients received intracoronary nitroglycerin. 
Analysis of data. The electrocardiograms were inde-
pendently reviewed in blinded fashion without knowledge 
of individual coronary anatomy to identify those patients 
who had primary zone and remote zone ischemic ST seg-
ment and T wave changes. The cineangiograms, similarly, 
were independently reviewed without knowledge of electro-
cardiographic changes to characterize individual coronary 
anatomic patterns. 
Results 
Primary zone electrocardiographic changes. ST seg-
ment changes occurred in the primary zone of expected 
ischemia in 23 of the 28 patients during angioplasty balloon 
inflation. Twenty-two of these 23 patients had ST segment 
elevation and 1 had ST segment depression. These changes 
promptly disappeared after balloon deflation and reappeared 
with each successvie inflation. The changes ranged in extent 
from 0.1 to 0.8 mV (mean ± SD 0.28 ± 0.2 mY) of ST 
segment change (Fig. 2A). Primary zone changes were seen 
in 15 of 17 patients with left anterior descending artery 
occlusion, 7 of 10 patients with right coronary artery oc-
clusion and in 1 patient with circumflex artery occlusion. 
Figure 1. Representative cineangio-
graphic frames in two cases showing 
unusually extensive coronary arteries. 
In the left frame, the left anterior de-
scending coronary artery extends 
around the cardiac apex to supply one-
third of the posterior left ventricular 
wall. In the right frame, an unusually 
large right coronary artery supplies the 
entire left ventricular free wall. 
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Figure 2. Six lead electrocardiograms from two patients with left 
anterior descending coronary artery disease, showing baseline trac-
ings and maximal changes during angioplasty balloon occlusion. 
A, This patient had changes only in the primary zone of the left 
anterior descending artery distribution, with ST elevation in leads 
V 1 and V 3 and T wave changes in lead I. No change was seen in 
lead II or aVF. B, This patient had both primary zone ST segment 
elevation in leads VI, V 3 and I and remote changes (ST depression 
and T wave inversion) in leads II and aVF. 
No electrocardiographic changes. Five of the 28 pa-
tients studied showed no ST segment changes at all during 
balloon occlusion, either in primary or remote zones. Three 
of these patients had occlusion of a large right coronary 
artery and one had an extensive left anterior descending 
artery occlusion, but each had abundant preexisting collat-
eral vessels from a contralateral coronary artery. The fifth 
patient, who had left anterior descending artery occlusion 
distal to the origin of two large diagonal branches, had a 
baseline electrocardiogram showing severe changes of left 
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ventricular hypertrophy, with large QRS voltage, marked 
ST depression ~d deep T wave inversion. 
Remote zone electrocardiographic changes. Thirteen 
(57%) of the 23 patients who showed primary zone ST 
segment elevation (averaging 0.29 ± 0 .19 mY) also had 
remote zone changes in electrocardiographic regions not 
usually supplied by the occluded artery (Fig. 2B and 3). In 
all but one instance, these changes were ST segment depres-
sion (0.18 ± 0.06 mY) and T wave inversion. ST segment 
depression in the remote zone was generally less pronounced 
than ST elevation in the primary zone in these patients (0.18 
versus 0.29 mY), but this difference was not statistically 
significant. One patient with right coronary artery occlusion 
showed ST segment elevation in lead Y I. Among these 13 
patients, 10 were characterized as having unusually exten-
sive occluded coronary arteries extending into areas remote 
from the primary zone. Seven were left anterior descending 
vessels that extended beyond the apex and onto the posterior 
left ventricular wall. Three were very large and extensive 
right coronary arteries extending onto the posterolateral left 
ventricular wall, one of which supplied the entire branching 
of the circumflex system, which was congenitally absent. 
In the other three patients showing remote zone changes but 
whose occluded arteries were not unusually extensive, two 
had stenosis in origin of the left anterior descending artery, 
and it was thought likely that the inflated balloon compro-
mised flow into the adjacent normal left circumflex artery. 
In the other patient with occlusion of a normal-sized right 
coronary artery, no anatomic explanation was evident for 
the remote zone changes observed. 
No remote zone electrocardiographic changes. Ten 
(43%) of the 23 patients showing primary zone ST segment 
elevation (0.28 ± 0.18 mY) during balloon occlusion did 
not exhibit any remote zone abnormality (Fig. 3). In seven 
of these patients, the distribution of the occluded artery was 
limited to the region of left ventricular wall usually reflected 
Vessel Primary a Remote Primary Zone Only Neither Zone 
Figure 3. Outline drawings illustrating the an-
atomic distribution of the occluded vessels di-
lated in each of the 28 patients studied. Small 
arrows mark the location of the lesions dilated, 
and broken arrows indicate preexisting collat-
eral supply. Vessel drawings are grouped by 
vessel dilated and by electrocardiographic find-
ings. eIRe = left circumflex artery; LAD = 
left anterior descending coronary artery; LAO 
= left anterior oblique projection; RAO = right 
anterior oblique projection; ReA = right coro-
nary artery. 
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44 BRYMER ET AL. 
REMOTE ISCHEMIA DURING CORONARY ANGIOPLASTY 
by the primary zone electrocardiographic leads. The other 
three patients with large and extensive occluded arteries (two 
right coronary arteries and one preponderant left circlJmflex 
artery) had good collateral flow to the distal vessel from the 
contralateral coronary artery on angiograms obtained before 
angioplasty. 
Discussion 
This demonstration of electrocardiographic ST segment 
and T wave changes during acute coronary occlusion by 
angioplasty balloon catheter is clearly analogous to similar 
changes observed by others (1-10) in the setting of acute 
myocardial infarction. Several groups including our own 
(12-14) have shown that total coronary occlusion occurs in 
most patients with acute myocardial infarction. An advan-
tage afforded by our technique for the study of this phe-
nomenon was that the ischemia was controllable, transient 
and reproducible and not likely to be obscured by underlying 
electrocardiographic changes of infarction. The single ex-
ception was the one patient with changes of severe left 
ventricular hypertrophy on the baseline electrocardiogram, 
in whom it is possible that ischemic changes induced by 
coronary occlusion may have been masked. 
Results of intermittent coronary artery occlusion. In 
all other patients, primary zone ST segment elevation sug-
gesting transmural (subepicardial) injury (15) occurred as 
expected within seconds after total occlusion unless major 
preexisting collateral channels were present. When remote 
zone ST changes suggesting subendocardial injury (16) were 
seen (ST depression in all but one patient), they could be 
explained by the fact that the remote region of myocardium 
was being supplied by terminal branches of the unusually 
extensive occluded coronary vessel. Coronary anatomy of 
usual extent was not associated with remote zone ST seg-
ment changes except in one patient. 
Three patients with a large coronary artery that had ex-
tensive distal branches did not show remote zone changes. 
Each of these patients had well developed preexisting col-
lateral channels to the occluded vessel. That intercoronary 
collateral channels are capable of preventing ischemia has 
been demonstrated by two other patients in our experience 
(not part of this study) who, during attempted angioplasty, 
developed total coronary occlusion as a result of dissection 
of the vessel. Both had preexisting collateral flow to the 
vessel being treated and neither developed chest pain, ST 
segment abnormalities or subsequent infarction. 
The multivessel disease hypothesis. Schuster and Bulkley 
(1) reported on eight patients with acute myocardial infarc-
tion and remote zone ST segment changes suggesting isch-
emia and concluded on the basis of necropsy examination 
that multi vessel coronary disease with severe stenosis in 
arteries other than the infarct zone vessel was the likely 
explanation. Salcedo et al. (3) supported this conclusion in 
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a report of 24 patients with acute inferior myocardial in-
farction and anterior ST changes, 23 of whom had left 
anterior descending artery stenosis by angiography or ne-
cropsy finding. Our observations indicate that multivessel 
disease is not required to produce remote zone ST segment 
changes. Such changes occurred during balloon occlusion 
in 13 (57%) of 23 patients who showed primary zone ST 
segment changes, and none of the 23 had other than single 
vessel disease. 
The electrical reciprocity hypothesis. Croft et al. (9) 
used radionuclide ventriculography to study 47 patients with 
acute inferior myocardial infarction, 39 of whom had an-
terior wall ST segment changes. They found no wall motion 
abnormality or ejection fraction differences to contrast those 
patients with or without remote zone ST segment change, 
and concluded that the ST segment changes must be a re-
ciprocal electrical phenomenon as suggested by Marriott 
(17). Ferguson et al. (10) compared coronary angiography, 
left ventriculography and electrocardiographic changes in 
23 patients with acute anterior (17 patients) or inferior (6 
patients) myocardial infarction. Half of the patients in each 
group showed remote zone ST segment changes. ST ele-
vation in the primary infarct zone was greater in those pa-
tients with remote zone changes than in those without, but 
no remote zone wall motion abnormalities were found and 
there was no relation between remote zone changes and the 
number of coronary artery stenoses. They, too, concluded 
that remote zone ST segment changes were probably a "be-
nign electrical phenomenon." 
Our findings do not support the "reciprocal electrical 
phenomenon" explanation. Ten of the 23 patients in our 
study who showed primary zone ST segment changes showed 
no remote zone changes. The electrocardiogram in the re-
mote zone leads in these patients showed no change from 
baseline despite ST segment changes in the primary zone 
quantitatively equal in extent to the primary zone ST changes 
in those patients who also had remote zone changes. If the 
appearance of remote zone ST changes was simply a func-
tion of the severity of primary zone ST segment elevation, 
seven of the patients without collateral channels should have 
demonstrated it, and they did not. 
The large infarction hypothesis. Several other groups 
(4-7) evaluated patients with acute infarction and remote 
zone ST segment changes thought to be ischemic using 
coronary angiography and radionuclide studies. They re-
ported that the factors correlating most positively with re-
mote zone ischemic changes were the size and extent of the 
primary zone infarction. They concluded that remote zone 
changes were most likely when the infarction was large, as 
indicated by lower ejection fraction, remote wall motion 
abnormalities, higher creatine kinase-MB isoenzyme ele-
vation and, in many patients, a complicated clinical course. 
A large, extensive occluded artery may be inferred when a 
large infarction was seen, but details of coronary anatomy 
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were not reported by these groups. The recent report of 
Roubin et al. (8) included 54 patients with acute inferior 
infarction and single vessel disease by angiography, 25 of 
whom showed remote zone ST segment depression, Anal-
ysis of coronary anatomic distribution in this group led these 
investigators to conclude that, at least in part, remote zone 
ischemic changes were "related to the vascular distribution 
of the infarct-related vessel." 
Conclusions. Our findings of transient, reproducible re-
mote zone ST segment electrocardiographic changes during 
coronary angioplasty balloon occlusion in patients with 
"preponderant" or unusually large and extensive primary 
zone arteries and the absence of such changes in patients 
with average or small-sized arteries support the conclusions 
of these latter reports, We also found that collateral vessel 
filling invariably appeared to prevent the occurrence of re-
mote zone ST segment changes in patients with a large and 
extensive occluded artery and, in several cases, the ap-
pearance of primary zone changes as well. We believe, 
therefore, that the appearance of remote zone ST segment 
and T wave changes is usually anatomically determined by 
the size, distribution and collateral supply of the coronary 
artery involved and that these electrocardiographic changes 
may, indeed, represent "ischemia at a distance." 
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